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The Rh Factor 
Pregnancy 
• tn 
Jack L. Sales, '55 
In this article the Rh factor is discussed from its discovery 
to its practical aspects in present day Obstetrics, stressing the 
diagnosis and management of its resulting complications. 
Discovery: 
T HE older medical literature contains occasional references to attempted transference of blood from one person to another or 
from an animal to a man or woman. These experiments proved un-
successful in most cases and the reason became apparent when Land-
steiner in 1900 showed that there were differences in blood not only 
between species but within species. Landsteiner was able to divide 
human blood into three varieties and a short time later a fourth was 
added. It was also shown that if the agglutinogens A or B were not 
present in R.B.C. anti B or anti A agglutinins were present in the serum. 
The present system of classification is based on Landsteiner's original 
concept and four groups are recognized. 
Accurate blood grouping determination techniques which were 
practical slowly evolved and transfusion of blood became a recognized 
procedure about 1910. In 1911 variants of A (At and At) were dis-
covered. In 1928 Landsteiner and Levine reported the presence of M. 
N and P substances in blood. Other cold agglutinins were demonstrated 
but the work between 1900 and 1940 did not reveal any antigen antibody 
"set-up" of practical importance in transfusion work other than the 
ABO groups. 
However, during this period of time several transfusion reactions 
resulted in fatalities. Some were due to administration of incompatible 
blood, contamination of blood, and poor technique but others could not 
be explained on this basis. Slowly it became apparent that these fatal 
reactions occurred in men and women previously transfused or in women 
who had been pregnant. These pregnancies were noted to end with 
stillborn delivery or infant death because of erythroblastosis. 
Early workers tried to link antigen antibody reactions due to 
placental passage of R.B.C. as a cause of eclampsia and erythroblastosis. 
In 1938 Darrow reviewed the literature and decided that an antigen 
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antibody reaction due to maternal sensitization of the fetal hemoglobin 
was the best etiological explanation for erythroblastosis. Such was the 
general status of the problem in the late 30's. 
In 1937 Landsteiner and Wiener found that the serum of rabbits 
previously injected with blood from the rhesus monkey, Macaca Mulatta, 
after absorption to remove characteristic antibodies of the species, 
agglutinated the cells of 39 of 45 random human bloods. It was ap-
parent that these new specific agglutinins divided human blood into 
two new types. Cells containing the antigen and agglutinated by the 
serum were designated Rh +, those not containing the antigen and not 
agglutinated by the serum were designated Rh- . Wiener and Peters 
then proceeded to study the bloods of individuals who had suffered 
transfusion reactions known to be unrelated to ABO incompatibility. 
They found that the substance existing in the serum of the immunized 
rabbit was identical with that found in the blood of these individuals. 
They concluded that these individuals had been immunized by transfu-
sion of Rh + cells or by transplacental leakage of fetal Rh + cells into 
Rh- individuals. 
At the same time Levine and his workers were investigating another 
related field. In 1939 they reported on the blood of a woman which 
agglutinated 801'o of other bloods of the same type. She had given 
birth to a stillborn and it was concluded that the fetus had inherited 
from the father an antigen which was the cause of maternal immuniza-
tion. 
Levine and Wiener jointly tested the blood of a woman with a 
transfusion reaction and demonstrated that the action of agglutinins in 
her blood paralleled those in the animal serum of Landsteiner and 
Wiener. 
Levine was aware that some of these mothers with evidence of 
immunization had given birth to infants dying with erythroblastosis. He 
investigated and found that in most cases the mothers were Rh-, and 
the father and fetus were Rh+. In 1941 Levine and his workers sum-
marized findings and concluded that an Rh + man could transmit to 
his child the Rh factor which through maternal immunization of an 
Rh- woman to a sufficiently high degree would result in erythroblastosis 
in the fetus following antibody placental passage. Since then a wealth 
of material has accumulated through work done in the U .S.A., England 
and Australia. 
The Rh Antigens and Antibodies 
Antigen: 
The Rh factor is an antigen found on the surface or in the sub-
stance of some erythrocytes. This antigen has been demonstrated in 
many tissues and body fluids. Its concentration is lower in fluids than 
tissue and its presence in fluids seems to depend on whether the indi-
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vidual is a secretor or not. It develops early in life, having been demon-
strated in a 48 mm. fetus by Stratton, and is permanent when once 
developed. It has no relation to sex or to any other known factor in 
human blood. Infant Rh+ blood is more strongly agglutinated by 
animal sera than by blood from the average adult. Therefore animal 
serum should not be used for blood typing the infant at birth. Immuni-
zation is best brought about by repeated small i.v. injections of Rh+ 
blood. The ability to become immunized seems to vary greatly and it 
appears as though immunization never occurs in some people. 
Antibody: 
Two types of antibodies against Rh have been recognized. Those 
that unite with Rh + erythrocytes suspended in saline and cause their 
agglutination are called anti Rh agglutinins. Antibodies that unite 
with Rh + erythrocytes but do not cause agglutination unless the cells 
are suspended in albumin have been called incomplete, partial, or 
blocking antibodies. Both types appear to act as hemolysins within the 
body even though neither produces hemolysis in vitro even with addition 
of complement. 
Rh antibodies occur only after tmmunization has taken place as 
compared with the natural occurring anti B or anti A agglutinins in 
blood. 
Antibody titre almost always increases following the termination of 
pregnancy, and in 10-15 days may reach several times the highest pre-
vious level. This may be due to the withdrawal of the "desensitizing" 
effect of continuous fetal R.B.C. entrance and combination with anti-
body, to the stimulation of antibody production by blood loss, or to the 
entry of fetal R.B.C. in large numbers during labour causing immuniza-
tion. After the height is reached the titre usually falls gradually, but 
they may be demonstrated as long as 8 years after pregnancies. 
Agglutination antibodies are rarely found in infants, but the block-
ing antibodies are usually present in infants whose mothers have them. 
Antibody is found in colostrum and breast milk and the titre is depen-
dent on the titre of blood. 
Varieties of Rb Antigens and Agglutinins: 
At first it was thought that the Rh antigen was a specific entity 
found in rhesus monkeys and 85«J'0 of human R.B.C. Gradually it be-
came evident that there were variants of the Rh factor . The system of 
nomenclature which developed is so complex because newly identified 
variations had to be named largely as a matter of expediency rather 
than according to any complete plan. Investigators have tried to remedy 
the situation by devising new names. These, too, have lead to a certain 
amount of confusion. After changing his classification several times 
following the development of new sera and subsequent finding of new 
antigens, Wiener in 1945 used the terms anti Rho, anti Rht, and anti 
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Rh11• At this time it was possible to distinguish between 8 types of 
blood. Since there are 8 possible combinations of 3 things it was evident 
that 3 antigens were found in R.B.C. in all possible combinations. These 
antigens were designated Rho, Rh1, Rh11 • Then followed the discovery 
of the three Hr anti sera. Theoretically through the use of specific 
antisera it was now possible to distinguish 27 types of blood. 
Inheritance of Rh and Hr 
As accumulating evidence indicated that the three varieties of Rh 
antigens had Hr alternates and that in the absence of any Rh antigen 
a corresponding Hr antigen is always present, Race concluded it was 
logical to assume inheritance by three pair of allelic genes at closely 
associated loci, each gene determining the presence of one antigen. 
Accordingly Rh1 and Hr', Rho and Hro and Rh11 and Hr11 comprised 
the 3 pairs of allelic genes. Fisher suggested the use of C, D, and E 
in place of Rh1, Rho and Rh11 and c, d, and e in place of Hr', Hro and 
Hr11 • Thus at locus 1, CC, Cc or cc could exist; at locus 2, DO, Dd or 
dd could exist; and at locus 3, EE, Ee or ee could exist. Twenty-seven 
combinations are possible which would correspond to the 27 possible 
blood types. It follows that any blood containing D is Rh + and that 
all other blood is Rh- if just anti D {Rho) serum is used as is done in 
most cases. For further analysis blood must usually be sent to a large 
laboratory. 
The Rh factors are dominant over the Hr factors. It is seen that 
if both genes DO are present the individual is homozygous Rh + and 
if Dd are present the individual is heterozygous Rh +. This character 
of blood (whether homozygous or heterozygous) may be determined 
by the use of anti D and anti d. 
Rh Distribution 
Among the majority of white populations the incidence of persons 
negative to anti D (Rho) serum is approximately 15%. In almost all 
other ,populations the incidence of Rh- individuals is much lower, and 
among full blooded American Indians, Mexican Indians, Eskimos, 
Australian aborigines, Figians, Filipinos, Papuans, Japanese and Chinese, 
Rh- individuals are extremely rare. Negroes are probably Rh + except 
for intermarriage with the white race. 
Erythrob-
Rh+ Rh- lastosis 
White 85 15 2.1% 
Negro 93 7 0.7% 
Chinese 99 1 rare 
Importance of Rh in Pregnancy 
Rh factor is important in transfusion therapy, in obstetrical man-
agement of Rh- women, and in the treatment of infants suffering from 
erythroblastosis. 
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(a) Transfusion 
Rh + blood should never be given to Rh- women. Immunization 
can be brought about or a severe or even fatal transfusion reaction can 
occur in the already immunized woman through previous pregnancies 
or transfusions. 
(b) Obstetrical Management of Rlr Women 
Management includes the prediction of possible erythroblastosis in 
the fetus and preparation for adequate measures of therapy after birth. 
(c) Treatment of Infants with Erythroblastosis 
Adequate treatment will salvage many infants who are very severely 
involved but others will die regardless of therapy either before birth 
or during the early neo-natal period. 
(d) Proof of Parentage 
Rb factor determinations can be used in medico-legal cases of dis-
puted parentage. The existence of an antigen in the infant not present 
in suspected parents or the existence of an impossible combination of 
antigen in the infant would suggest that other parentage was involved. 
Incidence of Erythroblastosis 
About 85«J'0 of people are Rh+ and 15% are Rh-. The 15«J'o of 
women when married will be mated with 12 Rh + men and 3 Rb- men. 
Therefore, only 12ro of women will be faced with the prospect of 
erythroblastosis. At least half of these men will be heterozygous Rb + 
and so half of their children will be Rb- and no problem will arise. 
Therefore, all offspring of homozygous and half the offspring of 
heterozygous males will be Rh +. In ·other words, 9 babies carried by 
the 12 Rh- women will be Rb +. Therefore, the set-up for erythrob-
lastosis exists in 9 - 10«J'o of pregnancies. However, the incidence is 
near 1/ 250 or .4% of all pregnancies. Therefore, it is fair to tell the 
couple with the "set-up" that odds are 1/ 30. After each pregnancy 
odds become shorter, and when the mother is immunized the chance of 
disease is formidable. 
This is no certainty because babies after previous severe trouble 
may be salvaged by transfusion. Therefore, termination or sterilization 
are not indicated. 
The discrepancy in incidence is due to several factors that govern 
immunization: 
(1) 
(2) 
Number of Previous Stimuli 
(a) transfusions of Rb + blood 
(b) abortions, Rb + fetus 
(c) pregnancies, Rb + fetus 
(d) i.m. injections of Rb + blood 
"Unknown" 
(a) no antigen passage 
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(b) Some women do not seem to produce antibody 
as readily as others 
(c) Antibody may fail to repass placental barrier 
(d) The fetal mechanism may sometimes neutralize 
antibody. 
Methods of Acquiring Rh Immunization 
Rh antibodies do not exist naturally. These are acquired by entry 
into Rh- individuals' circulations of an Rh antigen normally not present 
and is usually the {Rho) D Rhesus antigen. However, C and c, etc., 
have been involved and account for rare cases of erythroblastosis in 
children born to Rh + mothers. 
It is generally believed that Rhesus antigen is insoluble; but some 
variety appears in saliva and such individuals are known as secreters. 
Variation in solubility may account for differences in ease of immuniza-
tion. However, immunization is usually produced only by entrance of 
Rh+ R.B.C or their fragments into the circulation of an Rh- woman. 
(1) Transfusion Using Rh+ Blood 
Transfusion is more effective in bringing about immunization than 
pregnancy but is naturally less common. Transfusion will result in 501o 
of Rh- individuals developing immunity and it has been maximal fol-
lowing injection of as little as .05 ml of blood. Repeated small injec-
tions are more effective than one large injection. 
(2) Intramuscular Injection of Blood 
eg. i.m. injection of whole blood or serum from a measles con-
valescent with the idea of producing immunity 
(3) Pregnancy 
Immunization may occur very early in pregnancy because it has 
been noted following early abortion. However, immunization usually 
occurs in the later part of pregnancy and often does not occur in sig-
nificant degree until after the first or even several pregnancies. 
(4) Labor 
It is easy to understand fetal R.B.C. entrance during labor. They 
can be carried by tips of villi squeezed off by the uterine muscle into 
the circulation of the mother. This has been proven in microscopic 
examination of lungs of women who have died in childbirth. This 
may be a common method of immunization and results in the mother 
being more highly immunized after labor than before. This is not gener-
ally accepted as indication for Caesarian Section. 
Oudook of Immunized Women: 
These figures apply only to Rh + feti in succession. The chance 
of giving birth to a normal child is 
1. primigravida with no history of transfusion .... 90% 
2. previous affected infant .... .. ........................ ........ 60% 
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3. previous stillbirth ... ... ... ....... ........... ...... .. ......... ... 20«fo 
4. previous transfusion of unknown type .. ..... ....... 80«f0 
Erythroblastosis or Hemolytic Disease of the New-Born 
Erythroblastosis is a term used to denote a group of clinically dis-
similar conditions which have common cause and similar hematological 
changes. The group includes conditions affecting fetus and newborn 
both severely and mildly. The cause is incompatibility of blood with 
resulting antigen-antibody reaction and hemolysis of fetal blood. The 
hematological picture is that of abnormal and accelerated hemopoiesis. 
Tht-ee Clinical Varieties in Ord~ of Severity 
(1) Hydrops Fetalis 
(2) Icterus Gravis 
(3) Anemia Neonatorum 
Etiology 
l1l Rh antigen incompatibility-95% of cases 2 Hr antigen incompatibility-2«yoof cases 3 ABO or other antigen incompatibility-3«fo of cases 
(1) Hydrops Fetalis- This is a relatively rare condition and results 
usually in still birth or death within a few hours after birth unless edema 
is limited to subcutis. 
(2) Icterus Gravis Neonatorum- This is the most common picture of 
erythroblastosis. The onset of jaundice may be before birth but usually 
takes place during the first 24 hours of life. Anemia is usually associated 
with jaundice. 
(3) Anemia Neonatorum- This is as common as hydrops and is mani-
fested by anemia appearing at end of the first week and continuing until 
three or four months of age. It may be so mild as to be confused with 
physiological anemia of the newborn unless the blood picture of mother 
and infant is studied. 
A fourth type was suggested by Henderson and called Maceration 
with Hepatic Ci" hosis. This is characterized by frequent hydramnios, in-
trauterine death, little edema, but maceration to the extent that the 
organs cannot be examined closely. Increased connective tissue has 
been observed in the liver, and erythroblastosis has been proven by micro-
scopic examination of the lungs which remain relatively well preserved. 
The placenta is usually indentical with that found in hydrops. 
Pathological Findings 
Hydrops 
Clinical Picture- The face, especially the region about the 
eyes, the abdomen and extremities may be swollen so much that 
flexion of parts is impossible, or edema may be mild and limited 
to the subcutaneous tissue. Jaundice and hemorrhage are rare in 
tB 
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severe cases with edema but do occur in the milder forms. There 
may be massive pleural or peritoneal effusions which, if the child 
lives, may embarass respiration. 
Blood Picture- R.B.C. l,OOO,OOOj cu mm; nucleated R.B.C. 
may be as high as lOO,OOOjcu mm; reticulocytosis, anisocytosis, 
poikilocytosis, microcytosis and macrocytosis may be evident. Plasma 
protein under 2G%; Bilirubin elevation may be slight or moderate; 
hypoprothrombinemia and mild leucocytosis may be evident. 
At Necropsy- Marked splenomegaly, moderate hepatomegaly, 
mild cardiac enlargement and extreme anemia are usually found. 
Extramedullary haemopoiesis may be found in the liver, spleen, kid-
neys, suprarenals, thymus, pancreas, pituitary gland, and lymph 
glands unless severe maceration has occurred. A hyperactive bone 
marrow is usually noted. 
Placenta- pale red, pronounced edema, increased connective 
tissue, weights up to 2,000 G or 4 times normal weight. The cord, 
placenta, vernix caseosa, and amniotic fluid are often stained a 
golden brown by bilirubin. 
Icterus Gravis Neonatorum 
Clinical Picture- The infant may appear pale or normal at 
birth. It is rarely jaundiced at birth but it develops usually during 
the first ·24 hours. There may or may not be ecchymotic hemorr-
hages beneath the epidermis of the face or of the rest of the body. 
The spleen may be palpable and the liver may extend to the iliac 
crest. If jaundice is severe the skin may become a golden orange 
and child may exhibit lethargy and opisthotonus. 
Blood Picture - depends on severity of disease. Immediate 
examination may reveal R.B.C.'s 3,000,000jcu mm, or subsequent 
examination may show anemia developing. Nucleated R.B.C. may 
range from 50,000- 150,000jcu mm. 
At Necropsy- Almost invariably there is enlargement of the 
spleen, moderate enlargement of the liver, and slight enlargement 
of the heart. If the infant has survived for a few days the skin, 
body tissues and parts of brain are often stained a deep yellow. 
Histological examination usually reveals extramedullary hemopoiesis 
as in Hydrops Fetalis. Pulmonary hemorrhage or pneumonia may 
be determined as the immediate cause of death in some cases. Liver 
may show excess pigment in the hepatic cells and the bile capillaries 
may be greatly distended. If death occurs later on, gliosis in the 
basal ganglia, diencephalon, and cerebral hemispheres is seen rather 
than the yellow staining. 
Placenta- occasionally hypertrophied, but not as commonly 
as in the more severe cases of erythroblastosis. 
Urine .and Feces- usually contain excess .. urobilinogen. 
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Anemia Neonatorum 
Clinical Picture- Mild or pronounced pallor may be present 
at birth but may slowly develop during the first two weeks of life. 
Icterus is not a feature. Liver and spleen may be slightly enlarged. 
Blood Picture- severe anemia - 3,000,000 j cu mm R.B.C. 
Immature R.B.C. are either absent or few in number. 
At Necropsy -Slight liver and spleen enlargement may be 
evident. Ectopic hemopoiesis is not pronounced. 
Placenta - usually normal. 
Diagnosis During Prenatal Period 
1. History- Attempt to obtain a history of blood transfusions and 
previous pregnancies resulting in living normal children, icteric chil-
dren, stillbirths or abortions must be made. 
2. Prenatal Investigation- At first the expectant woman should be 
typed for ABO and Rh status. If the patient is Rh- the husband's 
blood type and Rh status should be determined. If husband is Rh +, 
the patient's serum should be tested for antibodies. 
(a) Test For Antibody by Following 3 Tests 
1. Rh + cells in normal saline and suspected serum 
2. Rh + cells in 22<J'o bovine albumin and suspected serum 
3. Indirect Coombs test, with Anti Human Serum. This is 
performed on the cells which have been exposed to the 
patient's serum in # 1 and will detect "blocking antibodies". 
If these tests are negative they should be repeated at 30 weeks and 
36 weeks. 
If antibody is present carry out the titration. Repeat bi-monthly 
until the beginning of the third trimester and then monthly. 
Titration of the saline type of antibody is carried out by observing 
the reaction of the progressively diluted "unknown" serum against 2~ 
group 0. Rh + reference cells are suspended in saline. The "blocking 
antibodies" are similarly measured but cells are suspended in a protein 
containing medium. The dilution 1:1, 1:2, 1:4, 1:8, etc., to 1:2048 is 
recommended. 
The last tube (greatest dilution) showing reaction represents the 
end point. The titre is the reciprocal of the end point tube. 
There is no demonstrable correlation between type of antibody and 
the clinical picture in the infant. Level of antibody titre in mother and 
possibility of disease in infant are not very closely correlated but gener-
ally speaking the disease is mild if titre is 8 or 4 or less. A rise in titre 
may suggest the fetus is Rh + and the possibility of erythroblastosis. 
The mother apparently first develops saline agglutinins and later albu-
men agglutinins. Therefore, the appearance of albumen agglutinins 
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and synchronous lessening of the titre of saline agglutinins in the 
mother's serum may be taken as an indication of advanced immuniza-
tion and is a relatively sinister sign. 
(b) X-Ray 
Antenatal x-ray of the fetus may be of use where Hydrops 
Fetalis is suspected. The fetus may show the 'halo' affect due to 
edema of subcutaneous scalp tissue and the fetus may be shown 
to have assumed the "frog-like" or "Buddha" position in the uterus 
due to the distended abdomen and edema of extremities. 
Diagnosis During labour 
Golden brownish amniotic fluids, vernix caseosa, cord, and large 
edematous placenta may aid the diagnosis but are not reliable signs. 
Finally, dystocia due to edema, stillbirth, macerated fetus, or fetal jaun-
dice may all suggest the diagnosis. 
Diagnosis Mter Delivery 
(I) Physical Examination of the Infant 
1. Edema-suggests severe involvement, and is rare. 
2. Pallor-rarely present at birth in absence of icterus but may 
develop during first week and become progressively worse for 
2 or 3 months. 
3. Prostration and difficult resuscitation may indicate fetal in-
volvement. 
4. Respirations may be irregular or rapid in a severely affected 
infant. 
5. Flaccidity of musculature. 
6. Feeble or absent cry. 
7. Cyanosis of lips and extremities resistant to oxygen therapy. 
8. Twitching, stiffening of back and extremities, opisthotonos 
suggest neurological involvement. 
9. Petechiae-may be obvious under skin. 
10. Jaundice develops usually early in first 24 hours or may be 
present at birth. It may be more severe than seen in any other 
condition and the tears, edema fluid, and cerebro spinal fluid 
may be yellow. 
11. Liver and spleen are enlarged often, especially the spleen which 
may de down to the crest of the ilium. 
12. Urine-Biluria and albuminuria may be evident. 
(II) Cord Blood Sample 
The diagnosis should be anticipated at delivery because of previous 
examination. Cord should be clamped immediately and a sample of 
blood obtained. 
1. Infant's blood should be grouped according to ABO group 
and Rh. 
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2. Cord Hemoglobin Determination 
Normal Values: 
Cord 13.6-19.6 G% 
Venous 14.5-22.5 G% 
Skin Prick 15.4-22.8 G% 
This test should not . be resorted to alone because anemia does 
not always exist at birth. However, the cord hemaglobin is 
useful in following treatment. Normal cord hemoglobin should 
not always lead one to withhold treatment because kernicterus 
has developed in the absence of anemia. A cord hemoglobin 
below 13.6 can be taken as abnormal, and with other evidence 
can establish the diagnosis of erythroblastosis. 
3. Direct Coombs Test (on cord blood) 
Fetal R.B.C. are washed and centrifuged three times and then 
suspended in 5% saline. A drop of this suspension is mixed 
with a drop of anti human globulin serum, and allowed to 
stand 1 minute. Three control tubes using normal R.B.C., 
normal saline, and known sensitized cells should be used. If 
test is positive, obvious macroscopic agglutination occurs in 2 
minutes. This test is always positive in erythroblastosis caused 
by Rh incompatibility. 
4. Serum Bilirubin- This may be normal or elevated. The Nor-
mal is 1.5-1.8 mgj 100 mi. This test gives a rough indication 
of the severity of the disease and is inversely related to cord 
hemoglobin concentration. It is not practical to carry out both 
tests routinely. Normally bilirubin may rise to 13 mgj100 ml 
or more in 2 - 4 days in babies, especially if premature. In 
hemolytic disease the elevation can be up to 19 mgj 100 ml in 
12 hours, and such a rapid rise indicates need for immediate 
treatment. 
5. Film of Cord Blood 
Erythroblastosis is indicated by reticulocytes over 7% and 
normoblasts over 21o· It is also suspected if abnormal macro-
cytosis, microcytosis, aniscytosis and poikilocytosis are seen. 
One must remember that hemolytic disease can occur due to the 
other Rh variants and ABO incompatibility. 
Differential Diagnosis 
This must include those conditions which also can cause edema, 
jaundice, anemia, neurological symptoms and erythroblastosis very early 
in life. 
1. Edema 
(a) Syphilis-This may be diagnosed by a Wasserman test of the 
mother's blood and cord blood. Osteochondritis, diffuse proli-
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feration of connective tissue, and demonstration of specific or-
ganisms may aid diagnosis. 
(b) Diabetic mother-Prenatal blood and urine study should diag-
nose this condition. 
(c) Hydrops Idiopathica-The Coombs test is negative and no spleen 
or liver enlargement or ectopic erythroblastosis occurs in this 
condition. 
2. Jaundice 
(a) Physiological Jaundice-This is normally absent for at least 12 
hours and then icterus develops because the liver cannot excrete 
bilirubin at a sufficient rate. This icterus is severe and pro-
longed in premature infants. The Coombs test is negative, and 
no liver or spleen enlargement occurs. Normally it appears about 
the third day and disappears on the seventh or tenth day. 
(b) Congenital Syphilis-diagnosed as above. 
(c) Neotatal Sepsis-Signs of infection will aid the diagnosis in this 
now rare condition. 
(d) Obstruction of Bile Duct-Jaundice due to this condition de-
velops during the second week. The meconium is abnormal as 
opposed to normal meconium in erythroblastosis. 
(e) Intracranial Hemorrhage-This may give icterus along with other 
signs of increased intracranial pressure. 
3. Anemia 
(a) Hemorrhage-This may be due to rupture of placental vessels 
as in vasa previa. The Coombs test is negative. 
(b) Infection-Anemia may be one of the signs of infection and 
can be differentiated by physical examination and negative 
Coombs test. 
(c) Conl(enital Defect of Bone Marrow-This may be differentiated 
by Coombs test, serum bilirubin determination and Rh factor 
study as required. 
4. Neurological Symptoms 
(a) Toxic Infectious States-Physical examination, white blood count, 
sedimentation rate, and Coombs test aid diagnosis. 
(b) Brain Injury-History and physical signs along with negative 
Coombs test aid diagnosis. 
(c) Congenital Developmental Defect-A negative Coombs test rules 
out erythroblastosis in this condition. 
5. Erythroblastosis 
(a) Mediterranean Fever-Erythroblastosis is the chief characteristic 
of this disease, but Coombs test is negative. · 
Treatment 
A. Prophylaxis 
a. Better selection of marriage partners and artificial insemination 
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are possible prophylactic measures, but have their own perti-
nent disadvantages in application. 
b. No female should receive i.v. or i.m. Rh + blood until proven 
to be Rh + unless she may die during further delay. 
c. Small families and adoption may be encouraged in immunized 
individuals. 
B. Prenatal Treatment 
a. Investigate the Rh factor of the mother. If female is Rh- and 
male is Rh + the male genotype determination may be indi-
cated. In rare cases were an Rh + woman has a history of 
erythroblastotic children, ABO and Rh and Hr investigation 
is indicated. 
b. Antibody determination in cases where the 'set up' is found. 
If present one should be ready for immediate therapy for the 
erythroblastotic infant. 
c. Serum of the pregnant woman should be tested with blood 
corpuscles of the husband to exclude sensitization to subgroups 
in an individual of atypical picture of previous erythroblastosis. 
d. A hapten extracted from old Rh + cells was injected into im-
munized women in the hope that it would unite with the antibody 
and yet in the absence of attached protein would prove to be 
non antigenic. 200- 300 mgms were injected daily but this 
therapy did not prove to be of much value in carefully studied 
cases. However, this field still warrants further investigation. 
e. Continuous injections of Rh + cells in small amounts has been 
suggested to depress Rh antibody formation. It is felt by many 
authorities that this rather leads to a more severe degree of 
sensitization. 
C. Treatment During lAhM 
1. Caesarian Section 
A voidance of labor was thought to reduce chaace of further 
immunization by fragmentation of villi and resulting dissemina-
tion in maternal circulation. However, very few would suggest 
Caesarian section even though the titre is high and the husband 
homozygous because of introducing problems associated with 
prematurity and operative procedure. 
2. Induction of Labour 
Some formerly advised premature labour at 3 7 weeks gestation. 
It was hoped that the sharply increased immunization near the 
end of pregnancy and added risk to the fetus could thus be 
eliminated. However, in controlled series of studies it was 
indicated that no benefit resulted, and the increased complica-
tion of prematurity rather caused increased mortality. At the 
same time a mature infant may have more severe erythroblas-
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tosis and resulting kernicterus. In selected cases induction at 
the 38th week may result in the saving of an erythroblastotic 
infant. 
3. Minimal analgesic and anesthetic 
This is suggested in order to avoid any possible depression of 
the infant. 
D. Tt'eatment of the Child 
1. Clamp the cord immediately 3 inches from the umbilicus. 
2. Obtain cord sample and do Coombs test, hemoglobin deter-
mination, bilirubin determination, etc., as required. 
3. Oxygen may be given in resuscitator as required. 
4. Cortisone has not proven to be of much value if given to 
mother to control antibody formation or if given to child to 
control erythroblastosis. In erythroblastosis it seems to correct 
the blood picture but does not remove toxic products of hemo-
lysis and thus complications are not thwarted. 
5. Transfusions to prevent shock, anemia, and later developing 
kernicterus. 
Methods of Transfusion 
1. Repeated Simple Transfusions. 
2. Exchange or Exsanguination Technique. 
a. Umbilical Route. 
b. Saphenous Route. 
c. Saphenous and radial artery combination. 
d. Cubital vein and radial artery combination. 
1. Repeated Simple Tt'amfMsions 
This method was the first employed in transfusion therapy of 
this disease. It is still indicated where the more difficult tech-
nique of exchange cannot be performed and in milder cases of 
~e disease. The first transfusion is usually about 10 cc per 
lb .. and is given as soon as possible. The following transfu-
sions may vary from 50 - 100 cc and are gi~en at intervals to 
keep the R.B.C. .above 3,000,000 c.mm·. or . hemoglobin above 
.60. 
Simple transfusion is accompanied by the use of vitamin K, 
isolette, oxygen and cautious introduction of feedings. 
2 . Exchange Tfansfllsions 
Exchange transfusion should theoretically be the best treat-
ment if the disease and complications are due to the action of 
antibody on R.B.C. and in plasma of the child and if bilirubin 
concentration is detrimental to the recovery of the infant. 
Clinically it has been fairly well established that mortality and 
incidence of kernicterus have been lowered by this method of 
treatment. This technique should be carried out within the 
first 24 hours of life preferably before clinical signs of ery-
120 u.w:o. MEDICAL }OoaNAL 
throblastosis have developed. Co-operation of surgeon, pedia-
trician, and obstetrician well trained and experienced in tech-
nique, is required to bring about the maximum benefits of 
therapy. In severe cases this is definitely the treatment of 
choice. If the hemoglobin is less than 8 G per 10 ml cardiac 
failure is the greatest danger and it is obvious that replacement 
transfusion offers the best result. It is felt that the mortality 
rate has been lowered and the incidence of kernicterus lowered 
300% by exchange transfusions. Some are doubting whether 
exchange transfusion is as beneficial as previously considered. 
At the most it is a dangerous technique and must not be un-
dertaken lightly. 
In some cases exchange transfusion seems more beneficial than 
in others and it is suggested that in these cases the antigen is 
attached to R.B.C. only, rather than to tissue such as liver, 
spleen and brain. 
Selection of Cases 
Assuming that there is a positive Coombs test the following criteria 
are suggested as indications for exchange transfusion: 
1. birth weight 6 lb. or less and infant 3 weeks or more prema-
ture. 
2. history of mother having previously given birth to an affected 
infant. 
3. cord hemoglobin concentration 15.5 G per 100 ml or less. 
Mature infants with cord hemoglobin above 17.5 G per 100 ml 
are very unlikely to develop kernicterus. Therefore in cases be-
tween 15.5 and 17.5 it is suggested they be examined at intervals 
not exceeding 8 hours duration during first 24 hours and that any 
sign of jaundice be taken as indication for transfusion. The inci-
dence of kernicterus in premature infants is significantly greater 
in male than female, so that in doubtful cases the sex of infant 
should be considered. If jaundice becomes progressively worse 
after an exchange transfusion a second or even third exchange 
transfusion can be performed. 
Aims of Transfusion 
1. to dilute antibodies, bilirubin and infant R.B.C. to the extent 
that only about 5-«j'o remain after transfusion on first day. 
2. to establish a 50% hematocrit consisting of mostly Rh donor 
blood 
Blood Used in Transfusion Therapy 
The use of Rh + blood would only result in the introduction of 
more antigen, and antibody would still continue to bring about 
hemolysis. It was formerly argued that it was advisable to use 
Rh + blood in order to "use up" the antibodies. Now it is felt 
that the use of Rh- blood tides the infant over the period of crisis 
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and allows for a gradual excretion of antibody and bilirubin re-
sulting from hemolysis of fetal Rh + R.B.C. 
Best results have been claimed by those who use blood from un-
immunized female donors belonging to the compatible AB group 
or to group 0. 
Bank blood which has stood for longer than 4 or 5 days should 
be avoided because of the high potassium level. Because of large 
amounts of citrate in blood, calcium should be given to compensate 
for depression of ionized calcium in the infant. Otherwise, gener-
alized muscular twitching and heart block or asystole may develop. 
One ml of 10% calcium gluconate is injected with each 100 cc of 
blood. The blood can be regulated to a hematocrit of 60, but the 
use of packed red blood cells is not encouraged since the replace-
ment is not as great. 
Exchange Technique 
Arnold and Alfred (1948) recommended cannulation of saphenous 
vein in the groin and passage to the inferior vena cava. Wiener 
and Wexler {1949) employed the saphenous vein at the ankle and 
withdrew blood simultaneously from the radial artery. Advantages 
claimed are that this method is an easier open method that results in 
better mixing and exchange of blood. Diamond, Allen and Thomas 
{1951) employed the umbilical vein. This method cannot be used 
in 1/ 30 of cases because of difficulty of insertion and sometimes 
cannot be used after 24 hours because of degeneration of vessels. 
The volume of blood used is approximately 500 ml but it can be 
determined accurately by the use of the homo grams of V eall and Milli-
son which integrate weight of baby, hematocrit of baby, and hematocrit 
of donor blood. 
The catheter is first flushed with an anticoagulant (heparin) and in-
serted according to the method used. One begins by first withdrawing 
20 cc's of blood and then slowly replacing 20 cc's of donor's blood. If 
single route method is used a 3 way stop-cock syringe or two 20 cc 
syringes can be used. This manoeuvre is repeated until the volume has been 
given. Sometimes the last 40 cc are given without withdrawal of blood 
to help make up for approximately 100 ml loss due to early damping 
of the cord. During the p·rocedure oxygen can be given and heat should 
be applied. Child is placed in an incubator or isolette with oxygen (if 
required) and penicillin 10,000 units q3h is given for 24 hours. 
Dangers 
1. Air Embolism 
2. Infection 
3. Trauma at site of transfusion 
4. Cardiac Arrest 
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Feeding 
The titre of antibody in colostrum and milk is usually near the 
level found in the maternal blood. For this reason it was advocated 
that breast feeding should be discouraged in cases of erythroblas-
tosis to prevent further entrance of antibody into the infant's body. 
This bas been widely practised but some maintain that such a pre-
caution is unnecessary because antibody does not cross from the 
G.I. track to the circulation and that clinical evidence of disease 
progression due to breast feeding is lacking. 
Complications of Rh Incompatibility 
1. Abortions-It is felt that erythroblastosis rarely causes fetal 
death before 28 weeks, and abortion as a result must be rare. 
2. Congenital Malformations-These resulting from erythroblastosis 
are considered rare by the same reasoning. The incidence of 
abortion and congenital malformations is not greater in ery-
throblastotic families. 
3. P1·e-eclampsia and Eclampsia-These are not more common, but 
a similar picture may develop in mother if fetus is severely 
affected. Edema may be marked, albuminuria may be mild, 
but hypertension does not occur. 
4. Placental detachment-This was reported to be more common 
in erytbroblastotics a few years ago, but since then bas been 
refuted. 
5. Stillbirth-This is common in severe cases but maceration and 
hydrops is rare. 
6. Dystocia- This can result in hydrops which is rare. 
7. Fetal Death-In hydrops this is practically 100%, and approxi-
mately 25 Cf< of icteric infants die. 
8. Kernicterus-Of surviving infants about 10% develop kernic-
terus. This is defined as bilirubin staining of basal ganglia 
and areas of the diencephalon and cerebral hemispheres with 
associated deafness, athetosis, and mental deficiency. All in-
fants showing C.N.S. involvement in the first week show 
C.N.S. involvement later on even though symptoms may pass 
off temporarily. A small percent showing no involvement are 
affected later on. Kernicterus may not be caused by bilirubin 
staining but it is definitely correlated with the degree of 
jaundice. If bilirubinemia is less than 18 mg %, kernicterus is 
rare. If bilirubinemia is greater than 30 mg %, there is 50% 
chance of kernicterus. After a period of time the staining 
disappears and gliosis becomes apparent in C.N.S. Perhaps a 
metabolic disturbance due to the toxicity of hemolysis and the 
resulting toxins is responsible. 
9. Anemia-This may necessitate treatment for 2 or 3 months by 
transfusion, iron, and adequate diets. 
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Prognosis 
Mortality Rate 
124 
1. Hydrops Fetalis-l00.7o of these cases die unless edema 
is limited to subcutis. 
2. Icterus Gravis-With adequate treatment mortalities as low 
as l07o have been reported. Previously about 40- 60% 
of these infants died. 
3. Anemia Neonatorum-These infants should survive accor-
ding to normal infant mortality rates with adequate treat-
ment. 
Male infants have a poorer prognosis than females. 
Morbidity Rate 
Severely affected infants have retarded weight gain and usually 
must remain in hospital for a longer period of time. Mental 
retardation and athetosis appears in about l0.7o of individuals 
that survive. It is felt that there is a lowering of intelligence 
of erythroblastototic infants as a group but it is not significant 
enough to alter prognosis. 
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Trial Labour 
Dooald C. Swan, Meds '55 
In this article the author discusses trial labour and presents 
arguments for its wider use for the purpose of reducing the 
incidence of Caesarian section. 
Definition 
TRIAL labour, according to Eastman, is a period of labour long enough to afford evidence on the basis of certain prognostic criteria, as 
to whether or not delivery per vaginam may be anticipated with safety 
to both mother and child. These prognostic criteria will be mentioned 
below. Trial labour must not be confused with 'Test of Labour', which 
entails allowing labour to continue until complete dilation of the cervix 
and for two hours thereafter. This latter practice has no place in the 
modern management of cases of cephalopelvic disproportion. 
Although it is well to differentiate 'trial' and 'test' labour, it 
should be the aim and object in ever trial labour to allow the atient 
to car out a our to com ete atton an a w i e Ion er. This i 
necessary in some cases where escent of the fetal head does not occur 
until full dilation has been reached and th membranes ruptured. 
Objectives of Trial Labour 
The objective of trial labour is to withhold a final judgment as 
to whether or not a Caesarean Section will be necessary in a case of 
mild or suspected disproportion, until the effects of the natural forces 
oU abour have been observed for a greater or ess time. 
Ideal Indication 
Trial labour is ideal in hospital practice in cases of suspected or 
borderline ce halo elvic dis ro ortion in the rimi ravid . It has 
avoided a large number o inductions of premature labour without con-
siderably increasing the number of Caesarean Sections. 
~anaaement of Trial l,abour 
This procedure should always be carried out in ~ hospital . or 
suitable nursing home. The pati · ed to o mto t 
stage of labour entirely on her owp. There should never be any inter-
ference on the part of the attending _physician. There should be no 
artificial rupture of the amniotic sac. The doctor is never in trouble 
as long as the membrances are left intact. Labour is allowed to pro-
gress in a fairly normal manner, but with full consideration of these 
important points in management: 
NoVEMBER, 1954 125 
-----Tn~ Labour---------------------------------
'• 
1. The patient should be carefull ominally and rec-
tally at re~ ar mtervals, and ro ressive descent of the head 
jpto the pe vis should be sought. It ts wtse o remem er- at 
rectal examinations are frequently not valid in the assesment of 
progressive cervical dilatation in these cases of disproportion. 
Often the diagnosis of complete dilatation is made and the 
patient transferred to the delivery room only to have a defi-
nite lip of effaced cervix felt on sterile vaginal examination. 
Thus it should be routine in such cases to do at least two 
sterile vaginal examinations during the first stage to accurately 
assess the state of the cervix. 
2. If progress is slow and time of labour prolonged adequate 
~algesia and sedation should be given at intervals insure 
the mother a ainst exhaustion, and · st distress. 
The mother should be giyen plenty of fluids-e.g. 1000 cc of 5 or 
10% glucose in Distilled Water i.v. to replenish her store of 
energy. 
3. Careful and constant check of the fetal heart tones for any 
slowing or other evidence of distress must be carried out. 
Early signs of fetal distress may be a very sound reason for 
bringing trial labour to an abrupt end by Caesarean Section. 
In a case of disproportion X-ray pelvimetry is not too impor-
tant, relatively. X-ray the patient only after 6 to 10 hours of 
good labour. 
Prognosis of Results of Trial Labour 
• Ideally a trial labour should be continued as long as p rogress is 
. being made, as evidenced by descent of the fetal head. progressive 
4ilatatjon of the ceryjx, and the faynu (able condition of both mothei ) 
and fetus . 
The number of hours in labour is not a satisfactory criterion for 
reaching a final decision. Much more important is the condition of 
mother and fetus. Since trial labour aims at avoiding an unnecessary 
Caesarean Section or induction of labour, and at producing a living 
child, it has failed in its aim if the fetus is dead, even though Section 
may have been avoided. 
~ 1 In some cases in which some descent of the head has occurred 
i~, may be difficult to decide whether this descent is enough to allow 
labour to continue, or so little as to justify Caesarean Section. In these 
ases a kn e following factors must be taken into account 
j n . making the decision for or against 
1. Size and shape of the pelvis 
2. General condition of the mother · 
3. State of the fetal heart 
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4. Degree of dilatation of the cervix 
5. Position of the occiput 
6. Fortitude of the patient 
. ing examination under anesthesia, posture, or manoeuvres such as that-
described by Munro Kerr or that there is radiological evidence of dis-
proportion. 
It is true that what may appear to be disproportion to one observer 
may not be disproportion to another, but surely the answer lies in the 
management of the case and the ultimate result to mother and baby. 
If the fetal head cannot be made to enter the maternal pelvis at term 
by using the above techniques, then, Hawkesworth claims, dispropor-
tion exists and barring the grossest contraction and disproportion, the 
patient is entitled to a trial labour. 
It is here that mention should be made of a series of 124 cases 
·treated between 1948 and 1951 as trial labours for cephalopelvic dis~· 
proportion in the Area Department of Obstetrics and Gynecology, 
Oxford, by Hawkesworth and his associates. By comparison with two 
other series caried out at University College Hospital, London, 1932 
to 1941, and at Rotunda Hospital, Dublin, Nov. 1949 to Oct. 1950 
the benefits of adequate trial labour are clearly shown. 
t; 
~ i-~ 
l~ ~·~ "*-,. .... a . ~:s ... ! 1i" .. "! f~ ~~ ·~ it' .. £-.~ ~~ ..,.."! ... t-. ~- .~-~~ ~~~ ~~ "~ ti* ~~~ ~~~ ...... ~ ii~ ... 1:3 ~ ...., Zv ~~ ~z ~ ~Q ~ Q iilv 
London ............ ... . '57 1.7'5 12.3 1'5.8 38.6 19.3 40.3 no figure 
'57.9 given 
Dublin ...... ........ .. 1'56 1.20 no figure 12.8 14.1 1'5.4 
-
' 
given 70.'5 
Oxford ................ 124 0 8.9 1.6 23.4 3'5.'5 41.1 0.8 
'58.9 
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In the Oxford series the Stillbirth and Neonatal Mortality Rates 
were each 8 per 1000. There were 125 trial labours in a total of 10686 
deliveries. This is an incidence of 1.1 %. 
Of the two fetal and neonatal deaths which occurred neither was 
due to Caesarean Section. Although the rate of Section after Trial 
Labour was high ( 41.1 % ), the Elective Section Rate was only 0.8% 
as compared with the rate of the Dublin series of 15.4%. 
During the same period (1948-1951) at the Area Department 
there were only 263 Caesarean Sections in the total of 10686 cases, 
an incidence of only 2.4%. 
It should not be inferred from the high Section Rate of this series 
that it is used as a plea that treatment of trial labour or prolonged 
labour is by Caesarean Section. The aim of the Oxford series at all 
times was to secure a vaginal delivery of a living child without harm 
to the mother. 
A breakdown of the Oxford series shows 
73 cases in labour more than 24 hours 
27 48 
14 72 
2 100 
Of the 73 who were in labour more than 24 hours, 
31 were delivered by Section 
31 were delivered vaginally by forceps 
11 were delivered spontaneously. 
Thus in those where labour was prolonged, 57% were delivered 
vaginally, and only 42% by Section. Therein lies the justification of 
the trial. 
Of the 73 patients in labour over 24 hours, 62 were delivered by 
operative means. There was one stillbirth due to high forceps delivery, 
and one neonatal death due to a congenital liver anomaly. The close 
attention to fluid balance, better analgesia, the introduction of anti-
biotics, greater use of blood transfusion, and better anesthesia all 
played a very important part in producing these results. 
Dr. Hawksworth 's conception of trial labour and its justifications 
are shared by a host of excellent obstetricians. 
The late Dr. Marshall Allen, commenting on Elective Caesarean 
Section for alleged outlet contraction, stated that once a fetal head had 
gone into the pelvis it would come out below. He had not seen a 
midplane or outlet contraction per se which had prevented a successful 
vaginal delivery. 
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Dr. D. F. Kaltreider remarks, 'There seems to be only one valid 
conclusion: in all pelves with a vertex presentation without previous 
Section there must be a trial of labour.' In other words, there is prac-
tically no place for Elective Caesarean Section in the management of 
disproportion. The handling of a suspect inlet contraction,' he con-
tinues, 'is an art, not a science.' The only factor in favour of Elective 
Section is convenience to the Obstetrician when the small hours of the 
morning are reached and thoughts of a long day's work ahead prompt 
the already weary fellow to take the easy way out. 
Radiology in the Prognosis of Trial Labour 
An important factor in the prognosis of the final outcome of 
trial labour is the ability of the Obstetrician to place the proper em-
phasis on radiological evidence of disproportion in borderline cases. 
It is important to assess the accuracy of radiological examination in 
borderline cases and not on the overall figures. The figures published 
by Williams and Phillips in 1946 illustrate this point. They have an 
overall accuracy of 90% plus, but in borderline cases the prognosis 
was wrong in 13 of 24 assessable cases. The error was over 501J'0 . 
A 50% error was also reported by Williams and Arthure in 1949. It 
is sensible practice to employ X-ray examination freely, but it is im-
portant to remember that at best they are only aids, and should be 
used as such. 
Use of Trial Labour in Other Situations 
To show the present trend in the use of trial labour both in Eng-
land and North America, ]. C. McClure Browne compiled statistics in 
a 5-year survey from four leading Obstetrics centres to show how trial 
labour is being used for conditions other than cephalopelvic dispropor-
tion. 
Total number of Trial Labours 566 
for disproportion only 164 
for disproportion & other factors 89 
for other factors alone 313 
The other indications were: 
pre-eclamptic toxemia 88 
inco-ordinate uterine action 51 
previous Caesarean Section 35 
elderly primipara 19 
~heu 46 
multiple indications 74 
total 313 
Of this series of 566 trial labours the Maternal Mortality (cor-
rected) was 0, and the fetal loss was only 24.7 per 1000. 
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Summary 
In summary I would like to point out that the results obtained 
above show the lengths to which trial labour may be carried by those 
who -are prepared to devote time and care to obtain good results. Let 
me repeat the words of Dr. Hawksworth and make a strong plea for: 
• L 
1. hal ortion unless 
2. statement 
3 . 
-4. be realized and 
especially the ra to ogical forecasts of the outcome o trial 
labour, and that we use them as they should be used-as 
ancillary aids to clinical judgement; 
5. that the safety limits in a trial be not judged on the basis of 
hours of labour, but by the maternal and fetal conditions both 
during and after labour; 
6. that by perfecting the art of Obstetrics we strive to achieve 
a live baby and a triumphant, contented mother. 
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Lobotomy 
Dr. E. Carroll 
It is only in r(/cent years that the operation of lobotO!iJ has 
entered into the field of surgery. In this article, Dr. Carroll dis-
cusses the indications, complications and results of the operation 
on a series of subjects. 
Introduction . 
Lobotomy, or leucotomy is a surgical procedure consisting of in-
cision · in the medullary centre of the frontal lobes of the brain. The 
'purpose is to sever the connections between the cortex of the prefrontal 
"area and the thalamus. This operation has been developed for the treat-
ment of the psychoses and more recently has been applied to the man-
agement of the psychoneuroses, intractable pain, and rarely, <lrug addic-
tion. Several modifications of th is procedure have been evolved and 
will be disC:ussed here. ' 
Lobotomy is a relatively recent development. The first step was 
the study of patients with destructive lesions of the · frontal' "lobes. 
Freeman describes a case of attempted suicide in which a bullet passed 
through the brain from temple to temple. After recovery this man's 
attitude changed from a desire to a fea r of death. Brickner made a com-
prehensive study of a man from whom the frontal lobes had been re-
moved for excision of a tumour. The man retained his intelligence, but 
Bridkn.er emphasized a "lack of synthesis" of acquired information. With 
·this b-ackground of clinical data study was next directed toward animal 
experimentation. · Fulton and Jacobson in 1935 produced lesions in the 
frontal lobes of chimpanzees and were rewarded with "happy 1apes." 
.For the Portuguese neurologist, Moniz, this was sufficient ev1dence 
to warrant clinical application. Upon returning to him homeland from 
a demonstration of these apes at the International Congress of Physiology 
in London he persuaded Lima, a neurosurgeon, to perform ' the first 
lobotomy in the Autumn · of 1935. Freeman· and Watts introduced 
psychosurgery to North America in 1936. Significant improvemeqt in 
the psychoses has resulted from this method of treatment, and con-
sequently its acceptance has become widespread. The use of lobotomy 
bas now been extended to the minor mental disorders. Its utilization in 
the relief of intractable pain h~s been an unexpected dividend. · 
Anatomy and Physiology 
Our knowledge of the structure and function of the frontal lobes 
has accumulated iri a slow and painstaking manner. In spite of intense 
interest m this ' subject many' areas remain to be explored. - . 
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The frontal lobe consists of that portion of the cerebral hemisphere 
which lies anterior to the fissure of Rolando. The posterior gyrus of 
this lobe contains the motor cortex, and immediately in front of this 
lies the premotor area. Anterolaterally there are centres for conjugate 
eye movements and motor speech on the dominant side. The remaining 
grey matter has been labelled "association cortex" . Many authorities 
have described centres for specific functions in this region, but there is 
no general agreement. Evidence has recently accumulated to indicate 
that the orbital surface of the frontal lobe is concerned with autonomic 
functions. Fulton has designated certain regions as the "visceral brain". 
Walker believes that the dorsomedial nucleus of the thalamus receives 
both visceral and somatic afferents, and integrates them before relaying 
impulses to the prefrontal areas. The white matter underlying the frontal 
cortex contains myelinated nerve fibres forming connections with the 
rest of the nervous system. Prominent association tracts lead to and 
from the temporal, parietal and occipital lobes; commissural tracts join 
the opposite hemisphere; projection fibres establish connection with the 
thalamus, hypothalamus, basal ganglia, and structures in the brain stem. 
Experience with lobotomies indicates that the important connections are 
those linking the prefrontal lobes to the dorsomedial nucleus of the 
thalamus. 
The physiology of the frontal lobes remains obscure. In the evolu-
tionary scale the mass of the frontal lobes, and particularly the appear-
ance of the prefrontal areas, are features of the higher primates and 
humans. The major portion of the frontal cortex is associational, in-
cluding many generalized functions - learning, remembering, integra-
tion of sensory impulses, the organization of response, and the co-
ordination of the body processes. To the prefrontal cortex has been 
designated the highest order of association function . Initiative, con-
science, planning ability, and integration of personality have been centred 
here, with questionable accuracy . 
. The rationale of lobotomy has not been fully elaborated. Freeman 
su.ggests that· the .intensity of visceral" impulses is diminished, .and there 
is ·better viscerosomatic integration with decreasing self-consciousness, 
especially visceral consciousness. Clinically, the effects include a decrease 
in anxiety and a lack of concern over emotion-laden ideas. 
Indications 
Most authors agree that lobotomy is a destructive procedure which 
may rob the patient of his highest mental faculties and will alter his 
personality. Psychosurgery should not be considered until all other 
forms of psychiatric treatment have been given an adequate trial. 
Lobotomy has been extensively used in the treatment of psychoses. 
Since the majority of manic-depressive illnesses either resolve spon-
taneously or respond to electroconvulsive therapy (ECT) , surgical man-
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agement is not commonly required. Where used, excellent results have 
been obtained with this group, particularly the depressives. 
Schizophrenics form the majority of cases eligible for leucotomy 
because of their failure to respond to less radical therapy. But the opera-
tion is less successful in schizophrenics, particularly the hebephrenics. 
Patients with a well-developed pre-psychotic personality, and with 
preservation of personality, are more likely to be improved. The ques-
tion is - "What length of time should be allowed to elapse before 
psychosurgery is recommended?" In the past, some patients were allowed 
to wait five, ten or more years. Since deteriorated cases are less fre-
quently benefited, it would seem advisable to treat the patient sooner. 
One or two years should be adequate for the trial of other methods. 
Under rare conditions lobotomy may be considered mandatory in acute 
cases and done earlier. 
Dr. G. H . Stevenson has advocated prophylactic lobotomy for 
patients who have had two or more mental illnesses requiring mental 
hospital admission within five years, provided that prophylactic ECT 
cannot be used for some concrete reason. · Excellent results are reported 
showing eighteen out of twenty-two patients discharged. 
In the psychoneurotic illnesses lobotomy is rarely required. It should 
only be considered where life is intolerable to the patient and the con-
dition is uninfluenced by other forms of treatment. Obsessions, com-
pulsions, and phobias may be strikingly alleviated following psycho-
surgery. 
Under exceptional circumstances lobotomy has been carried out 
for drug addiction, with limited success. The obsessive addict, really a 
neurotic, is more likely to respond favourably than others. 
Lobotomy has been used for the symptomatic relief of patients with 
intractable pain. The pain is not decreased, but the pati_ent does not 
behave in a manner suggestive of severe suffering. The patient is more 
content to live_ for the present, regardless of past or future distress. 
J. C._ White considers that cordotomy and similar procedures are more 
efficient and that lobotomy is an admission of failure and is not uni-
forrnly successful. 
Contt.aindications 
I. Reasonable success with conservative treatment. 
2. Organic brain disease. 
3. Poor operative risk. From the practical standpoint this is not 
too significant, for lobotomy is technically simple and may be done with 
local anesthesia. Hypertension, heart disease and TB may be better con-
trolled after lobotomy in psychotic patients. · 
Techniques 
These vary widely, depending chiefly on the neurosurgeon. Only 
principles will be discussed here. 
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Standard Bilateral Prefrontal Lobotomy 
In brief this operation consists of the following steps: The scalp is 
incised and burrholes are drilled near the coronal suture On each side. 
After opening the dura a leucotome is inserted and opened so 1 as to 
incise the white matter for approximately 2.5 em in the plane of the 
sphenoid ridge. The instrument is withdrawn and the incision closed. 
There are two minor variations of this procedure. In the open 
method the incision is made under direct vision. A bone flap was for-
merly used for this method, but more recently a large burrhole has been 
utilized. For lobotomy from the lateral approach the burrhole is placed 
in 'tqe temporal region instead of the frontal. 
Variants 
T 
1. Unilateral lobotomy has been performed, especially for neuroses, 
but is generally considered less effective than the bilateral type. 
2. Bimedial lobotomy confines the separation of the nerve fibres 
to the area adjacent to the midline. Levine advoca,tes this 
modification. 
I I 
3. Transorbital lobotomy is accomplished py inserting an '1in~tru­
ment through the roof of tbe orbit. Most neurosurgeons do not 
recommend this operation, and Freemin, who championed it, 
·"·' ' admits that it is less effective than the standard operation in 
" scbizophreqics. I 
4. Topectomy consists of removal of 25-35 G. of cortex on each 
side. Subtypes are designated as superior, orbital and froiito-
orbital. Hock considers the last the best. 
5. In Selective Cort.ical Undercutting the plane of incision is at tlie 
corticoniedullary junction. Willis describes superior, orbital and 
medial types. The first is the most effective, the last the most 
difficult. Results are quoted which are comparable to those of 
the classic procedure. , 
6. Thalamotomy involves the destruction of localized regions of 
the thalamus. The procedure is ,pighly technical and includes 
. , 1 the "se of the stereotactic apparatus.. Spriegel has described 
three ' varieties as dorsomedial, anterior, and hypothalamotomy. 
This is the most specific operation of the group. 
7. Prefrontal lobectomy designates amputation of the tips o1 'the 
frontal lobes. Peyton reports thirty-two examples in deterior-
ated schizophrenics. This operation is currently constdered un-
necessarily mutilating, ana is becoming outmoded. 
8. Gyrectomy, excision of a gyrus, is Penfield's operation for re-
moval of areas 9 and 10. ' 
9. Cingulectomy is excision of the anterior part of the cingulate 
gyrus. 
The variants in lobotomy have been developed in the search for a 
procedure which will produce the maximum benefit with the minimum 
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brain destruction and personality change. At the present time it is im-
possible to assess the relative worth of the modifications for the follow-
ing reasons: 
(a) Psychiatric diagnoses are based on symptoms alone and are not 
as objective and clear-cut as diagnoses in other branches of 
Medicine. When comparing the results of different authors 
we cannot be sure that the types of patients selected for opera-
tion are comparable. 
(b) The operations are not standardized. Each surgeon has his 
own technique. 
(c) The results have not been analyzed on the same basis. 
Long term projects are now in operation using radiological con-
trols, all types of cases, and objective classification of results. The test 
of time will eventually furnish the answer to this problem. In the mean-
time we must rely upon the neurosurgeon and the selecting psychiatrist. 
Sequelae 
Mortality--As in all operations, a certain death rate is associated with 
lobotomy. The usual figure quoted lies between two and three percent. 
With careful technique in selected cases it should be possible to approach 
a mortality of one percent - a satisfactory level for an elective 
procedure. 
Early Phase-The postoperative period has many features. For a day 
or two the patient is likely to be confused, disoriented and forgetful. 
These symptoms fade, but the patient remains bedridden. He is dull and 
listless, and often incontinent. Food is ingested as an uninteresting rou-
tine. Excitement, anxiety or depression may disappear abruptly. Halluci-
nations and delusions may be entirely gone, but are more likely to be 
lurking obscurely on the fringe of awareness, producing little reaction. 
Late Phase-The later sequelae are not so definite as the earlier ones. 
The psychotic symptoms shall be considered first. Hallucinations and 
delusions may disappear with the operation, may fade gradually, or may 
persist. In successful cases the patient is not alarmed by his psychotic 
ideas. A lobotomized person may be quite content in the face of most 
inconsistent ideas. Lack of self-awareness or concern has been described 
as characteristic. The painfully self-conscious individual relaxes and 
forgets his palpitations. The patient is likely to embarrass his relatives 
and friends with his forthrightness. Obsessions commonly receive no 
further attention. 
Personality changes resulting from lobotomy are the basis for most 
of the criticism of the procedure. These include decreased tension, 
absence of worry, laziness, lowered inhibitions, and lack of planning 
for the future. The effects are variable, and range from negligible dif-
ferences to an apparent reversal of action patterns. For these reasons 
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lobotomy should be recommended only in intractable mental diseases. 
With proper selection of subjects such alterations are desirable and an 
improvement over previous characteristics. 
A lowering of I.Q. scores is not a prominent feature of lobotomy. 
This finding supports the contention that learning is a generalized func-
tion of the association areas of the cortex. A rise in I.Q. scores has been 
reported frequently following lobotomy, but caution must be used in 
the interpretation of psychological tests in psychiatric patients, especially 
in schizophrenics. Any improvement is presumed to be from lessened 
disturbance of mentation by the psychotic symptoms. 
Abundant EEG changes are noted in the early postoperative course 
of the lobectomized patient. However, after a six month convalescent 
period these changes often disappear. 
Postoperative epilepsy has been reported in five to ten percent of 
cases. Most of these have had only one or two seizures, and the rest are 
usually controlled by anticonvulsants. 
The Ontario Hospital Series 
With the permission of Dr. G. H. Stevenson, past superintendent of 
the Ontario Hospital, London, we have been allowed to study the records 
of the patients from this hospital who have been lobotomized. 
The operation performed on these patients conforms to the previ-
ously described bilateral prefrontal leucotomy. In all these cases the 
surgery was performed by Dr. K. G. MacKenzie of Toronto, or was 
done under his supervision. The first leucotomies were in 1943, and the 
last in this series was in 1951. More recent cases have not been included 
because it is considered too soon to assess the final status of the patients. 
The basis of selection in this series was the failure of these patients 
to respond to less radical procedures. At first the older chronic inmates 
were treated. In the development of the concept of prophylactic loboto-
my, twenty-two maniac depressives uncontrolled with prophylactic 
ECT were included. At the present time, lobotomy is considered rou-
tinely for all patients who have not improved at the end of one year in 
hospital. If the patient's symptoms would be amenable to psychosurgery 
in the judgement of the psychiatric staff, and if there are no contraindi-
cations, operation is recommended. Without exception these patients 
have had one or several courses of ECT, and most of the schizophrenics 
have had insulin coma thera.py before lobotomy. 
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The results have been classified in the following manner: 
A-at home-complete recovery 
B-at home-good social improvement 
C-at home-constant supervision required 
D-in hospital--improved 
E-in hospital-unimproved 
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The assessment has been accomplished by the Ontario Hospital 
staff, particularly the After-Care Department, and the data were ob-
tained from the hospital records. This series includes 86 cases, with 33 
in class A, 22 in class B, 6 inC, 10 in D , and 15 in class E. Dr. Stevenson 
considers that no patient has been made significantly worse by the opera-
tion. For the sake of simplicity, classes A and B have been considered 
successful, and class E failures. Therefore, 55 lobotomies were success-
ful (64% ) and 15 were failures (17~ ) . 
Diagnosis 
First of all , the variations in results with the diagnostic groupings 
will be reviewed. Forty manic-depressive patients were operated upon. 
33, or 82% were successful and one was a failure (2.5% ) . Manic types 
gave the best results - 92<fo definitely improved in 24 cases. 9 out of 12 
depressed patients, or 75<]'0 , were subsequently designated to classes 
A or B. Two of four operations on the mixed type achieved success. 
36 schizophrenic patients have been lobotomized. Success was at-
tained in 16, or 44<fo of cases, while class E claimed 12, or 33% . 7 of 13 
catatonics gave excellent results, while 5 were poor. The figures for 
paranoids are similar, 6 of 13 ending in class A or B, with 3 in class E. 
There were 8 cases of mixed or unspecified schizophrenia. 3 of these 
recovered . 4 were unimproved . 
Four lobotomies of the 6 performed on schizoaffectives were suc-
cessful and there were no failures. 
Of the four remaining cases, one for tonic exhaustion gave a class B 
result, one for psychoneurosis gave an A, and two for mental deficiency 
gave one A and one E. 
From these figures we see that the results of lobotomy are con-
siderably better in manic-depressive illnesses than in schizophrenia. There 
are too few cases in this series to justify comparison between subtypes. 
Length of Hospitalization 
In examining the influence of this factor upon operative results, the 
patients were grouped by the number of years in hospital before opera-
tion. The following figures were obtained: 
Time in Hospital Cases 
Less than 1 year........ ... ... ... . . . . .. . . 13 
1-2 years .. ... ....... .... . .. .... . ... ..... ... 19 
2-5 years ............ ...... ................ .... 38 
Over 5 years .. .. .. . .. .. .. .. . .. . . . . . . . 16 
Successes Failures 
8% 
11% 
18<fo 
31% 
These figures indicate that earlier lobotomies give better results. 
This conclusion should be scrutinized carefully. In reviewing these 
cases it was found that many were readmissions. For example, one had 
a lobotomy after one month in hospital, but this was her seventh admis-
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sion. Another was operated on within one month of her fifth admission. 
A third patient was a fourth admission. In addition, all of these ex-
amples were manic-depressives. Since only thirteen cases were operated 
upon before a year in hospital, a good deal of distortion is produced by 
these extraneous factors. 
Perhaps the total length of hospital care would demonstrate a more 
significant trend, or perhaps the total duration of the illness should be 
considered. The last would likely be more significant, but in a large 
proportion of mental illnesses it is impossible to obtain a date of onset. 
Unfortunately, for our purposes, neither of these factors was available. 
Sex 
When inquiring into the sex distribution we discovered that most 
of the operations had been done on females. Of the 15 males, 10 were 
successful and one failed. Of the 71 females, 45 were successful and 14 
were failures. There seems to be no difference in the results between 
the sexes. 
Age 
The results by ten year age groups were as follows: 
Age Cases Successes Failures 
o-19 3 66«yo 33«yo 
20-29 19 68% 21«yo 
30-39 17 47% 35% 
40-49 19 68«yo 16% 
50-59 23 65% 35% 
60+ 5 80.% 20% 
Very few operations were done before the age of 20, or after the 
age of 60. Except for poor results in the fourth decade there does not 
appear to be any definite trend in the age distribution of successes or 
failures. 
Complications 
There have been no mortalities in this series. A few patients have 
had one or two epileptic seizures, but this has not been a serious prob-
lem. Lassitude and incontinence have been encountered as minor com-
plications. These usually persist less than three weeks and disappear 
with training. 
Comparison of Results 
There are many reported series of lobotomies. Some representative 
figures are listed below. 
Adler tells of 40 lobotomies in schizophrenics, with 2 deaths ( 5"'Yo) , 
16«y0 home and well, 55% in hospital improved, 26«yo no better, and 
3% worse. 
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Gillies and his associates report 238 cases, of which 194 were 
schizophrerucs. The results were: complete recovery in 17.2% , good in 
26%, and poor in 201o· Death occurred in 3% and epilepsy in 81o· 
These classes were somewhat different than those used in the Ontario 
Hospital series. 
Sands states that lobotomy cures about 2010 of refractory cases. 
Freeman reports 701o of lobotomy patients out of hospital. 
Grant states that about 40% of schizophrerucs are improved with 
lobotomy. In general he lists the results as: 30% leave hospital; 40<f< 
improved in hospital ; 25:% unimproved; 51o die; 10% have postoperative 
epilepsy. 
It is apparent that the results obtained in the Ontario Hospital series 
compare favourably with other published results. 
Summary and Conclusions 
1. 86 lobotomies have been performed upon patients from the 
Ontario Hospital at London. 55 have been classified as suc-
cesses and 15 as failures. 
2. Lobotomy is a destructive therapy The indications should be 
strictly limited. 
3. In the type of case which has been delineated and which is con-
sidered refractory, lobotomy is an effective therapy. A majority 
of the patients have shown significant improvement and have 
been capable either of leaving hospital or of being cared for 
more readily in hospital. 
4. Personality changes have probably been overemphasized. Psycho-
logical tests have demonstrated fewer alterations than haYc been 
anticipated. In any case, patients undergo deterioration of jer-
sonality from their illness, and changes of the type produce by 
lobotomy may be desired, or at least condoned as the price of 
improvement in the psychosis. 
5. Several modifications of the standard bilateral prefrontal leu-
cotomy have been described, and more are being developed. 
These have not yet been adequately compared. It is likely that 
the standard operation will change. 
6. Psychosurgery offers a hope for the re-establishment in society 
of a chronically ill patient. This is a notable achievement not 
only for the patient, but also for the family. 
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Jn :flltmoriam 
In September the Medical School mourned the death of George 
Edward Sunson, who served as a technician in the Department of 
Biochemistry and Physiology for seven years under Dr. Stavraky. Mr. 
Simson was born in Chelsea, London, England, in 1989 and after serv-
ing in the British and Canadian Armies for twenty-six years settled in 
London. He was actively interested in sports, and music, being a 
member of the Royal Regiment Band, and also in drama. Mter twenty 
years' association with the London Little Theatre, he had just com-
pleted his one hundredth performance with that group. 
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A Review of Hematological 
Procedures 
Marcia C. Smi~ '57 
Hematological tests are always of importance in the practice 
of Medicine. In this article the author gives a comprehnsive review 
of some of the more common procedures used as diagnostic aids. 
T HE purpose of this paper is to review three hematological procedures commonly used, giving an explanation of the principles involved, an 
outline of the techniques employed, and an indication of the value of 
such tests in aiding clinical diagnosis. 
The three tests to be considered are: 
1. Sedimentation Rate 
2. Fragility Test of Erythrocytes 
3. Coagulation Time of Blood 
I. Sedimentation Rate 
When whole blood is mixed with an anticoagulant and allowed to 
stand in a vertical tube, the cells will settle out at a uniform rate and 
form a sediment. In certain disease processes the rate at which sediment 
is formed is accelerated. The phenonema of sedimentation and the 
reasons for its acceleration are not perfectly understood. The known 
facts are these: 
(a) The red blood cells sink because they are heavier than the plasma 
medium in which they are suspended. As they move to the bottom of 
the tube the plasma is displaced upwards. In normal blood, the down-
ward force of the cells almost equals the upward retarding force of the 
plasma and little settling occurs. 
It is easy to see what would happen if the number of cells were 
altered. If there are fewer cells, as is the case in anemias, there is less 
retarding of their fall as they do not pile up on one another at the bottom 
of the tube as quickly. If there are more cells than normal, as in poly-
cythemia, the cells do not fall as fast. 
(b) Cells allowed to stand outside the body tend to aggregate in 
clumps or rouleaux. These large particles present a smaller surface area 
to the medium than the sum of individual cell areas, less resistance is 
encountered, and sedimentation proceeds at a greater rate. It is thought 
that the erythrocytes have negative electrical charges on their surfaces. 
A positive charge associated with the plasma drives the red cells together. 
Therefore, any factor which increases the "positivity" of the plasma will 
increase rouleaux formation and effect rapid sedimentation. 
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(c) Sedimentation rate is affected by alterations in the constituents 
of the plasma. Increased amounts of fibrinogen and globulin favour an 
increased rate. Increase in the albumin content lowers the rate. Choles-
terol has an accelerating effect. Lecithin retards it. No relationship has 
been found between the sedimentation rate and the Aj G ratio, total 
plasma proteins, or blood calcium and phosphorus. Certain products of 
tissue destruction increase the rate. 
Methods of Measuring Sedimentation Rate 
Venous blood is collected and mixed with a suitable amount of 
anticoagulant. It is placed in an upright tube graduated in millimeters. 
The distance the upper level of the cells falls in an arbitrary time is 
taken to be the sedimentation rate. 
The process of sedimentation consists of three stages: (1) the clump-
ing of the cells, {2} a period of rapid fall. The maximum fall occurs 
here, with the cells falling farther and at a greater rate. {3} a period of 
cell packing. The cells pile up on one another at the bottom of the tube 
and slow up the rate of fall . 
The two methods commonly used to measure sedimentation rate 
are those of Westergren and Wintrobe. 
In the Westergren method, venous blood suitably diluted with 
sodium citrate solution is placed in a pipette of special dimensions. The 
pipette is held in a special rack with spring clips and rubber mats. At 
the end of one hour, a reading is taken of the distance which the cells 
have fallen. The normal values for this method are: 
Female- 0-15 mm per hour (average 4 mm) . 
Male - 0-20 mm per hour (average 8 mm) . 
This method is used clinically because it requires a minimum of time and 
effort, the pipettes are easily filled and cleaned, and the length of the 
tube (300 mm) tends to minimize the error of packing the cells. 
The Wintrobe method involves the use of a pipette of different 
dimensions. A medicine dropper type of capillary pipette is used to fill 
the Wintrobe tube with oxalated blood. The tube is allowed to stand 
for an hour and a reading is taken. The hematocrit is determined by 
centrifuging the tube. A graphic chart is used to correct the reading for 
the effects of anemia. The normal sedimentation rates for this method 
are: Female - 0-9 mm per hour 
Male - 0-22 mm per hour 
Other methods less commonly used are modifications of the ones 
described, and differ in the size of the tubes used. The readings after 
one hour in a short tube should not be compared with those in a long 
tube. In short tubes, the packing phase ~omes S?oner and error due to 
variation in packed cell volume is increased. It should be remembered 
that certain technical factors can introduce error and· the _ sedimentation 
rate can be increased or decreased by such error. 
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Use of Sedimentation Rate 
1. The sedimentation rate, like body temperature, pulse rate or 
white blood cell count gives information of a general character. A rise 
usually indicates some general infection associated with inflammation or 
tissue destruction. The degree of rise indicates in some measure the in-
tensity of the disease process. 
2. The sedimentation rate is often helpful in differential diagnosis. 
A high rate usually suggests organic disease rather than functional, an 
inflammatory condition rather than a tumour, and a malignant rather 
than benign tumour. The test has aided in differentiating coronary 
thrombosis from angina pectoris, carcinoma of the stomach from benign 
ulcer, rheumatoid, tuberculus or gonoccal arthritis from osteoarthritis, 
pelvic inflammatory disease from ovarian cyst. 
3. The sedimentation rate is most often used as a guide to the 
progress of an infection, such as pulmonary tuberculosis. A sudden rise 
may indicate a relapse, or the development of some complication. 
A gradual fall in sedimentation rate parallels improvement. It is 
often felt that the test is often more sensitive than body temperature, 
weight or white blood count, and for this reason it is helpful in guiding 
therapy, and in convalescence. 
The following is a table showing abnormal sedimentation rates: 
Physiological conditions associated with increased rate: 
1. Young Children 
2. Menstruation (only a slight variation) 
3. Pregnancy (8th week to the 4th week 
post-partum) 
Pathological conditions associated with increased rate: 
1. Active Inflammation 
2. Infection 
3. Toxemia 
4. Cell or Tissue Destruction 
5. Severe Anemia 
6. Active Tuberculosis 
7. Syphilis 
8. Acute Coronary Thrombosis 
9. Malignancy 
Pathological conditions associated with decreased rate: 
1. New Born Infant (decreased fibrinogen) 
2. Some Allergies 
3. Cyanosis 
4. Polycythemia 
5. Sickle Cell Anemia 
6. Congestive Heart Failure 
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7. Salicylate Drugs 
8 . Cortisone and ACTH administered in 
rheumatoid arthritis and the acute 
phase of rheumatic fever. 
To this table two conditions can be added: 
After operations, due to tissue trauma, the rate is high for about 
a week. If it does not return to normal after this time then a complica-
tion is suggested. · 
In acute disease, the change in sedimentation rate may lag behind 
the temperature and white blood count for as long as twenty-four hours, 
and the peak may be reached only after several days. A lag is seen also 
in convalescence, where the increased rate persists longer usually than 
abnormal temperature or white count. 
Summary 
Variations in the sedimentation rate result from changes in the sur-
face charge of the erythrocytes which cause them to clump. These 
changes are associated with alterations in the plasma constituents, espe-
cially the plasma colloids. 
In certain techniques for estimating sedimentation rates a correction 
is made for the degree of anemia. Such corrections are usually made on 
the basis of hematocrit readings. It should be remembered that these cor-
rections are not accurate, are not the same for different anemias and 
often give misleading values. The report of a sedimentation rate should 
include the uncorrected value, the corrected value, the hematocrit, the 
method used and the normal value for the sedimentation rate by that 
method. 
The sedimentation rate is subject to certain technical errors and 
represents the composite effect of numerous variables. Minor variations 
are not too significant. Dr. Parkes has said that "one of the principal 
errors in this procedure has been the error on the part of the clinician to 
give the sedimentation rate a specificity which it does not deserve". 
The sedimentation rate is useful in: 
(a) calling attention to disease. A normal rate does not, however, 
mean the absence of disease. 
(b) aiding differential diagnosis. 
(c) assessing prognosis, progress or the effects of treatment. 
II. Erythrocyte Fragility Test 
The limiting membrane of the red blood cell is semipermeable, 
allowing passage of fluid into or out of the cell with changes in the 
osmotic pressure of the medium in which the cell is suspended. 
In normal blood an osmotic equilibrium is set up between the red 
cell and the surrounding plasma at a pressure of about that of 0.851o 
Na Cl solution. Erythrocytes of normal blood show considerable resist-
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ance to the effects of small changes in osmotic pressure. The cell im-
bibes fluid without rupturing in the face of increased osmotic pressure 
until the Na Cl concentration of the surrounding fluid is lowered 
to 0.44«fo. 
It is very likely that the shape of red cells is related directly to their 
resistance to hemolysis in hypotonic solutions. Increased thickness of 
the cell may facilitate uptake of fluid in the presence of lowered external 
osmotic pressure. Decreased thickness may retard uptake of fluid and 
rupture since erythrocytes break open when their shape becomes spherical. 
Certain disease processes are accompanied by changes in the shape 
of the red cell. The normal biconcave disc may be distorted and long 
flat cells or short thick cells circulate in the blood. These changes in 
shape affect the cells' resistance to hemolysis in hypotonic solutions. 
Methods of Estimating Erythrocyte Fragility 
Red blood cells are suspended in solutions of hypotonic saline at 
varying concentrations. The point where hemolysis begins is taken as 
an indication of minimum resistance. The point of maximum resistance 
corresponds to complete hemolysis. 
(1) Daland and Worthley Method 
This is the most accurate, but it requires thirty-eight solutions of 
decreasing concentrations of saline. Equal volumes of saline and washed 
erythrocytes are used. A control is run simultaneously, using normal 
blood. The solutions are refrigerated, then centrifuged. 
Normal values for this method are: 
Initial Hemolysis - 0.48-0.46<]10 Na Cl (average 0.41 «j'0 ) 
Complete Hemolysis- 0.30-0.28% Na C1 (average 0.27%) 
(2) Sanford's Method 
Fewer tubes are used, but the method is much the same in other 
respects. A control is run with normal blood. The tubes are allowed to 
stand two hours at room temperature. Initial hemolysis is indicated by 
the tube of highest concentration just showing a faint pink in the super-
natent fluid. Complete hemolysis is the tube of highest concentration 
with red supernatant fluid, little or no sediment, and no corpuscles. 
For this method, hemolysis begins normally at 0.42-0.38% Na Cl, and 
is completed at 0.34-0.32% Na Cl solution. 
Use of Fragility Test 
The fragility test is helpful in differentiating certain hemolytic 
anemias accompanied by pathological variations in the shape of the 
erythrocytes. Often minimum resistance can vary from the normal while 
maximum resistance remains unchanged and vice versa. 
Below is a table of pathological variations in red cell fragility. An 
increased fragility (decreased resistance) is considered present when the 
initial and complete hemolysis occur in concentrations greater than 0.40-
NovEMBER, 1954 145 
---.Hematological Procedures------------
0.32% Na Cl respectively. An increased resistance (decreased fragility) 
is indicated by failure of hemolysis until lower concentrations of Na Cl 
are used. 
Decrease in minimum resistance occurs in: 
1. Hypochromic anemia 
2. Erythroblastic anemia 
3. Polycythemia 
Decrease in maximum resistance occurs in: 
1. .Advanced aplastic anemia 
2. Hemolytic jaundice 
Increase in minimum resistance occurs in: 
1. Aplastic anemia 
2. Pernicious anemia in severe relapse 
Increase in maximum resistance occurs in: 
1. Sickle cell anemia 
2. Polycythemia vera 
3. Various hyperchromic anemias 
Minimum resistance is normal in moderate degrees of hypochromic 
anemia. Maximum resistance is unchanged in pernicious anemia. 
The accompanying diagram illustrates the thickness of red blood 
cells in various types of anemias with associated changes in fragility. 
Table No.1 
MinimMm Resistance in Thickness 
in Microns % Na Cl 
0.64 
0.48 
0.44 
0.38 
0.42-0.44 
3.02 
1.60 
2.20 
1.60 
2.0 
Chronic Hemolytic Jaundice 
Simple Microcytic Anemia 
Pernicious Anemia 
Obstructive Jaundice 
Normal 
SMmmary 
1. The fragility test is a measure of the thickness of the red cell 
wall. In general, thick cells show greater fragility. Large flat 
cells show decreased fragility. 
2. The Sandford method is the one most suitable for c.linical de-
termination of fragility. 
3. The fragility test can be used to aid in diagnosing or differ-
entiating among conditions accompanied by change in dimen-
sions of the erythrocyte. 
m. Coagulation of Blood 
Clotting Mechanism . 
To date the clotting process has not been completely worked out, 
nor have all the involved factors been identified. The sequence of events 
leading up to the formation of a clot is outlined here. 
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1. Injured tissues release thromboplastin. . 
2. Platelets in contact with injured tissue clump together and lyse, 
producing (a) a platelet factqr which with plasma antihemo-
philia globulin forms thromboplastin, (b) accelerator factors 
I and II. 
3. Prothrombin is converted slightly to thrombin under catalytic 
influence of calcium ions, thromboplastin and platelet accelera-
tor I. 
4. The small amount of thrombin produced catalyzes the conversion 
of the inactive proenzyme plasma accelerator globulin to active 
serum accelerator globulin. 
5. Prothrombin is converted to thrombin at a much greater rate 
when the reaction is catalyzed by serum accelerator globulin, in 
addition to thromboplastin, calcium ions and accelerator factor I. 
6. Fibrinogen is converted to thrombin at a much greater rate under 
the catalytic action of thrombin. Platelet accelerator II greatly 
speeds this reaction. The fibrin is the clot. Circulating heparin, 
antithrombin, and antithromboplastin, which normally inhibit 
coagulation, are overcome by the clotting factors. 
Methods of Estimating Coagulatio11 Time-
1. Macromethod using veno11s blood the modified Lee and White test tube 
method. 
About 5 cc of venous blood are taken with as little trauma to the 
vein as possible. Time is noted of first appearance of blood in. the 
syringe. One cc of blood is placed in each of two test tubes, one of which 
has been rinsed in normal saline. The tubes used are 13 x 100 mm. They 
are placed in a water bath at 3 7 degrees centigrade. After three minutes, 
one tube is tilted slowly at thirty second intervals until clotting is com-
plete. The other tube can be examined later for clot retraction. The 
normal clotting time as determined by this method lies between 5 and 
15 minutes. A clotting time between 15 and 20 minutes indicates a 
hemorrhagic tendency and over 20 minutes indicates hemorrhagic disease. 
2. Micromethod using capillary blood from skin puncture. 
A capillary tube of 1-2 mm in diameter is filled with blood and held 
in the hand to maintain it at body temperature. At thirty second intervals 
a piece is broken from the tip, until a fibrin strand connects the two 
pieces. Normally, coagulation time by the capillary tube method lies 
in the range of 1-5 minutes. 
There are certain variable technical factors which affect clotting 
time in vitro. These usually introduce errors which tend to shorten 
coagulation time. The result obtained with a given method should be 
compared with the range of normal variation for that method. Some 
workers feel that absolute values are of less importance than comparative 
values for normal blood and the blood under investigation. A prolonged 
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clotting time is of more significance than a normal or shortened clotting 
time and is indicative of gross impairment of blood coagulability. 
Uses of Coagulation Tesl 
( 1) in the diagnosis of hemophilia, a condition in which the clotting 
time is prolonged. 
(2) in guiding heparin medication. Heparin acts as an antithrombin 
and so stops the clotting at two points. 
(3) for predicting the tendency to bleed during or following opera-
tion. The coagulation time should be taken by the tube method 
along with the bleeding time and a blood smea.r to detect de-
crease in platelets. It should be noted that the skin bleeding 
time and the coagulation time in vitro are not comparable tests. 
The former has additional factors of tissue clot and vessels. 
Summary 
1. The dominant factor normally controlling the clotting time of 
blood is the concentration of thromboplastin. 
2. The test tube method of Lee and White is preferred for the de-
termination of coagulation time, since longer tubes are used 
which do not promote clotting as readily as small ones. 
3. Coagulation time is a useful test to be employed in any hem-
orrhagic study, in guiding heparin medication, and in predicting 
a tendency to bleed. 
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Many of our freshmen receive their first insight into our faculty 
through legendary tales of the professor of anatomy. They come to 
know him well in their first year with us and their initial fear and 
trembling soon give way to respect and admiration for his prowess as 
a lecturer and teacher. They do not all, however, learn that his accom-
plishments and contributions do not stop as professor of anatomy. He 
has both by participation and by leadership, contributed much to the 
cultural activities of his university, community and indeed the whole 
dominion. 
Dr. Henry Alan Skinner, M.B., F.R.C.S.(C), was born in Erin, On-
tario, in 1899, and attended high school in Guelph where hls father 
practised dentistry. Here he developed hls interest in languages and 
the classics-an interest which later led to his work in the origin of 
medical terms. 
On graduation fro high school, he enrolled at the ·university of 
Toronto, but later transferred to Royal Military College at Kingston. 
The war ended before the completion of his training here, and in 1918 
he returned to the U. of T . 
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As an undergraduate he was active in athletics, participating in 
both football and basketball, and was associated with "Daffydill", the 
meds variety show. It was as a student tha~ his interest in drama first 
rewarded him, for he met the future Mrs. Skinner at a Hart House 
production. As a member of Alpha Kappa Kappa, he was given ample 
opportunity to display his talents as a trap-drummer and master of 
the mandolin-banjo. 
He spent one summer travelling with a Summer Concert Party 
consisting mostly of students of Ontario Agricultural College-a vaude-
ville show known as "Sod-Busters" which played across Ontario. 
In 1922, he graduated with Dr. Ray Farquarson, now professor 
of Medicine at the U. of T. and Dr. McFarlane, who is dean of medi-
cine at the U. of T. During his final two years, he had decided to 
become a surgeon and began his training in Toronto. This commenced 
with a six months term in Pathology under Dr. Erb of the Sick Child-
ren's Hospital. At this time he assisted Dr. Bruce Robertson, who had 
conducted the first series of blood transfusions, in the technique of 
blood grouping. The following year he was a senior, in surgery in the Tor-
onto General and at the same time a demonstrator in Bacteriology and 
Neuroanatomy. Shortly after his marriage in 1925, he sailed for Edin-
burgh, where he studied Anatomy under Professor Whittaker of the 
College of Sugreons and attended the surgical theatres of Sir John 
Fraser and David Wilkie. After six months he returned to Toronto 
where he remained for the next three years as Assistant in Anatomy 
and research fellow at the Banting Institute, where he was engaged in 
research on acoustic nerve tumours. What little free time rema.ined was 
spent in private practice. 
In 1927, Dr. McKibben, Dean and Professor of Anatomy at Wes-
tern, resigned and was succeeded by Dr. Macklin, who visited Toronto's 
faculty of medicine in search of an assistant. Dr. Skinner received the 
appointment as Assistant Professor, and in 1930 became Associate 
Professor and later Professor and head of the department of Gross 
Anatomy. In 1942-1944 he served as assistant to Dean Campbell and 
continued as Assistant Dean with Dean G. E. Hall. 
Among his publications are his "Manual of Dissection", his "Origin 
of Medical Terms", and several papers on subjects such as Origin of 
Acoustic Nerve Tumours, Pharyngeal Diverticula, Anatomical Con-
siderations in the Rupture of the Suprasinatus Te~don, Education and 
Medical Lear~ing, and others. He was honoured with a F.RC.S.(C) at 
the time of organization of the Canadian College. In addition to his 
duties as Professor of Anatomy he has served the University as a 
member of many committees. In 1950 he visited England again and 
attended the International Congress of Anatomists- at Oxford. 
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His associations with the arts are many. He has been a member 
of the board of directors of the London Little Theatre for twenty 
years and was president from 1937-1942. He was the Honorary Direc-
tor of the Dominion Drama Festival from 1947-1950, a position which 
took him twice across the Dominion. He has been a member of the 
Board of Directors of the National Ballet Guild since 1951 and vice-
president for the past two years. He has served during both seasons 
on the Board of Governors of the Stratford Shakespearean Festival. 
From 1940-1945 he was chairman of the Entertainment Division of the 
Citizen's War Services Committee of London, and served as Captain, 
and later Major in the COTC throughout the war. 
In addition to his varied and multiple activities, he finds time to 
indulge in his favourite hobbies-bridge and philately. 
The Hippocratic Society of the UWO Medical School Presents: 
CJJ.e ~ppocratic }3an'fuet 
On Friday the 14th of January 
AT THE CATHOLIC CUL TIJRE CENTRE 
Colborne Street, London 
G11est Speaker: JOHN FISHER, from the CBC 
Sundown Hour at 6:30 p.m. 
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Abstracts 
THE SIGNIFICANCE AND TREAT-
MENT OF PRECANCEROUS 
LESIONS 
DAVID STATE, PostgraJuaJe Medicine, 
Sept. 1954. 
Knowledge of commonly encoun-
tered precancerous lesions and the 
proper treatment of them is of the 
utmost importance. A survey of 13380 
apparently well individuals over the 
age of 45 revealed 1420 precancerous 
lesions. In order .of frequency these 
were: 
1. Adenomas and Polyps of the 
rectum and colon ; 
2. Senile Keratosis; 
3. Pigmented Naevi in areas of 
irritation; 
4. Leukoplakia; 
5. Thyroid Adenomas; 
6. Kraurosis Vulvae; 
7. Gastric Polyps; 
8. Polyps of vocal card. 
Prophylaxis is the treatment of 
choice where possible, as in leuko-
plakia or senile keratosis. All lesions 
suggestive of malignancy must be bi-
opsied. Small gastric polyps should be 
followed carefully. A single polyp of 
the rectum may be readily destroyed 
locally while large gastric polyps or 
cases of familial polyposis demand 
radical surgical procedures. Surgical 
treatment is especially indicated in 
thyroid adenomas in the under-60 age 
group. Pigmented naevi subject to 
irritation or suggesting malignant 
change should be widely excised. Esta-
blished conditions of leukoplakia, sen-
ile keratosis and kraurosis vulvae are 
best dealt with by excision. 
Regular physical examination of in-
dividuals past the age of 45 is impera-
tive if these conditions are to be de-
tected while still benign. The prompt 
treatment of precancerous lesions can 
often obviate the need for radical sur-
gery which might be necessary in ad-
vanced cases of melignancy. 
-D. D. McGregor 
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EVIDENCE FOR RELATIONSHIP 
BETWEEN SODIUM OILORIDE 
INTAKE AND HUMAN ESSENTIAL 
HYPERTENSION 
L. K. DAHL and R. A. LovE, .AMA 
Archi11e1 of Internal Medicine, Oct. 
1954, vol. 94, no. 4, pp 525-532. 
The authors claim that statistical in-
formation indicates a significant cor-
relation between Sodium Chloride an·d 
hypertension in man. Experimental 
evidence showed that the Sodium ion 
alone is important. They conducted 
an expP.riment in which 547 patients 
were classified according to their salt 
intake. Then the number of patients 
showing hypertension in each group 
was noted. 
Those in the first group gave a his-
tory of low salt intake--i.e. the patient 
could not remember adding salt to 
foods at the table. The second group 
were average intake--i .e. they added 
salt to food only after tasting and 
finding it insufficient for their palate. 
The third group were high intake -
i.e. they added salt routinely to their 
food before tasting. If a patient 
changed from a lower to a higher, or 
f~om a higher to a lower group, the 
h1gher .group was used. Those patients 
were considered to hav.e hypertension 
whose blood pressures were 140/ 90 or 
more. 
Group 
1 
2 
3 
~ of patients 
1n the group 
11.9 
. 44.4 
43.7 
'fO of patients 
In the group 
with hypertension 
none 
7.0 
10.0 
Conclusions - There is no estab-
lished cause and effect relationship 
between the Sodium ion intake and 
hyp_ertension, but there is a suggestion 
of 1t. 
-Samuel Roland Kaplan 
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